Summary. Six hundred African diabetic patients were examined using a standardised technique based on the World Health Organisation Multinational Study, in which no country from Africa was represented. Thirty-four percent of patients had retinopathy and 13% were affected by cataract. They were older and the duration of diabetes was longer than patients without retinopathy or cataract. There was no association with glycaemic control. Systolic blood pressure was higher in patients with retinopathy but there was no association with diastolic pressure. Only one patient had proliferative retinopathy and blindness compared to 25 (4.2%) patients blinded by cataract. In Central Africa cataract is a more important cause of blindness and visual disability than retinopathy.
The reported prevalence of retinopathy and cataract in African diabetic patients has varied widely (Table 1) due to the diversity of the methods and criteria used and failure to take the age of the patient and duration of diabetes into account. In 1979 the World Health Organisation (WHO) reported on a Multinational Study of diabetes [22] the object of which was to compare the prevalence of microvascular and macrovascular disease in different populations using a standardised questionnaire and examination technique. Although 14 centres throughout the world participated, no country could be found to represent the African continent. This paper reports on retinopathy and cataract in diabetic patients in Central Africa using a standardised technique based on the WHO protocol.
Subjects and methods
Patients recruited were ethnic Africans, who were currently being treated for diabetes in general medical clinics at seven hospitals belonging to Zambia Consolidated Copper Mines Ltd (ZCCM) and at two Government Hospitals, Kitwe Central and Ndola Central Hospitals, all situated in the Copperbelt region of Zambia. Registers of diabetic patients were not kept but patients attended hospital rather than private practitioners in order to receive free medicine. All diabetic patients currently attending for treatment were personally seen and examined by the author. Most patients spoke and understood English but for those not able to understand a Zambian nurse translated and interpreted the local dialect. A questionnaire was completed for each patient, on which was recorded the name, sex, date, tribal origin, present age and age at diagnosis of diabetes. The exact age was not always known, especially by older women, and occasionally had to be estimated from the patient's physical appearance, after consultation with the attending Zambian nurse. The duration of the disease was calculated from the age at diagnosis, with information given by the patient and from hospital records. Details of current treatment were recorded. The type of diabetes was categorised into three groups. Type I patients were all those receiving insulin who had documented ketosis at some time.
Type II patients were those on oral hypoglycaemic drugs or treatment with diet alone. Patients who were receiving insulin but who had had no documented ketosis were regarded as having non-ketotic insulin-dependent diabetes. Visual acuity was recorded for each eye using a Snellen chart, without glasses (if worn). This was done because glasses tend to be passed on from person to person in Africa and many patients did not attend with their spectacles. Mydriatic drops (1% tropicamide or 1% cyclopentolate) were then instilled into each eye. Fundus examination was done when the pupil was at least 3 mm dilated by direct ophthalmoscopy in a darkened room. The patient's gaze was fixed except for examination of the macula when the patient was instructed to look directly at the light. Each fundus was examined for 2 rain using a timing device. Extra time was allowed, if necessary, to count the number of lesions. The presence or absence of the lens was recorded. If the retina could not he clearly seen the reason was stated. The protocol for assessing retinopathy was exactly as used in the WHO Study [22] . As it is often difficult, or impossible, to differentiate between a haemorrhage and a micro-aneurysm, the general descriptive term, red lesion, was used. A small red lesion was defined as having a diameter less than the retinal artery at the optic disc. A medium red lesion was larger, but with its diameter less than that of the optic disc; while a large red lesion was defined as one with its largest diameter greater than that of the optic disc. They were counted for each eye and categorised as follows: 1=none, 2=one, 3=two-five, 4=six or more. Hard and soft exudates were also counted and categorised in the same way. Large or extensive exudates with a total area greater than the optic disc were included in the "six or more" category. The presence of new vessels was recorded as absent, doubtful or definite. Microvaseular disease was classified according to the type, number and size of abnormalities seen. Minimal small vessel disease of the eye was defined as one small red lesion in any eye; or one hard or soft exudate in any eye; or doubtful new vessels in any eye. Medium small vessel disease was two or more small red lesions in any eye; or one or more medium red lesions in any eye; or two or more hard or soft exudates in any eye. Severe small vessel disease included retinopathic blindness in any eye; and/or new vessels in any eye; and/or vitreous opacity or haemorrhage in any eye; and/or one or more large red lesions in any eye. Blood pressure was measured using a mercury sphygmomanometer with a cuff measuring 23 x 14 cm. The pressure was measured in the fight arm with the patient sitting. The systolic pressure was recorded as the first perception of successive sounds. The diastolic pressure was taken at the fifth-phase at which sounds disappeared. If this was not audible the fourth-phase muffle was taken. All readings were recorded in mmHg to the nearest 2 mm, reading the calibration below the meniscus.
The height of each patient was recorded in centimetres without shoes and the weight, without coat or shoes, in kilograms. The body mass index (BMI) was calculated according to the formula BMI =weight in kilograms divided by the height in metres squared, Venous blood was taken from each patient. Glycosylated haemoglobin (HbAa) was measured using a micro-column chromatographic method (Boehringer, Cat. No. 575 453, Mannheim, FRG) after elimination of the labile fraction (normal range= 5-8%). Internal quality control was done with each batch. The final HbA1 values were corrected for temperature using the table provided. Haemoglobin concentration, reticulocyte count and haemoglobin electrophoretic pattern were determined. HbA1 estimations were not done in those with elevated serum creatinine, evidence of haemolytic anaemia and patients heterozygous for sickle cell anaemia as these conditions produce artefactual results [23, 24] .
Statistical Analysis
Statistical analysis was done using the Student's t-test or the chisquare test [25] .
Results

Six hundred
African diabetic patients (372men, 228 women) were examined. There was no difference in age or duration of diabetes between men and women (Table 2 ) but women were more obese (p< 0.001).
Retinopathy
Two hundred and three (34%) patients were found to have small vessel disease of the eye (SVDE), comprising 132 (35%) men and 71 (31%) women. Forty-four (26%) patients had Type I diabetes, 82 (36%) Type II and 77 (38%) non-ketotic insulin-dependent diabetes. The prevalence of retinopathy rose dramatically with duration of diabetes; 74% of those with disease longer than 14 years had retinopathy (Table 3) . Patients with SVDE had had diabetes longer (/)<0.001) and were older (p< 0.05) than patients without SVDE (Table 4) . There was no difference (p> 0.05) in the degree of glycaemic control between those with and without SVDE (Table 5 ). However, there was an association with blood pressure; the systolic pressure was higher in both men and women with SVDE (p< 0.01) compared to those without (Table 6 ) but there was no difference (p> 0.05) in the diastolic pressure.
There was no difference (p> 0.05) in body mass index between those with SVDE and those without (Table 7 ). There were only two patients with retinopathic blindness. One patient had severe proliferative retinopathy leading to vitreous haemorrhage while the other had detachment of the retina not associated with her diabetes (Table 8) . Forty-four (21.7%) patients with SVDE had visual disability (6/18-6/60) compared to 46 (11.6%) of those without (/7<0.01); 37% of patients with retinopathy also had proteinuria.
Cataract
One hundred and thirty-four (11.2%) of all diabetic eyes were affected by cataract while 38 (3.2%) were blind. Cataract was present in 34 men and 30 women, whilst a further 7 men and 6 women had had cataracts removed. Thus 12.8% of the diabetic study population was affected (Table 4) . They were older (p< 0.001) and had had diabetes longer (p<0.01) than patients without cataract. There was no difference (p>0.05) in mean HbA1 levels between patients with cataract and those without (Table 5) . Blindness, defined as the inability to count fingers at one arm's length, affected 25 (4.2%) patients (bilaterally in 13, unilaterally in 12). Their age and duration of diabetes were no different (p>0.05) from other patients with cataract (Table 9 ). Five of the 25 patients blind from cataract were under 30 years of age and visual acuity was seriously impaired (6/18-6/60) in a further 40 (6.7%) patients. Altogether 11% of the diabetic population under review had impaired vision from cataract. In developed countries diabetic retinopathy is a major cause of blindness; and in England and Wales is the most common cause of blindness between the ages of 30 and 64 years [27] . In Central Africa, however, cataract is a far more important cause of blindness and visual handicap as few diabetic patients live long enough to develop severe SVDE and the scarcity of skilled medical resources means that the majority of patients affected never receive corrective treatment.
Only 9 patients with cataract had normal vision (Table 8) .
There were 20 patients with bilateral cataracts in whom neither retina could be adequately visualised whilst 10 (52.6%) of 19 patients with unilateral cataractand a non-assessable fundus had evidence of retinopathy in the other eye. Altogether 27 (35.1%) patients with cataract also had retinopathy.
Discussion
Many reports on retinopathy in African diabetic patients fail to give adequate details on the methods employed and how the patients were selected with reference to age and duration of diabetes. In this study a standardised examination procedure was used, identical to the method employed in the WHO Multinational Study [22] . As the author personally examined all patients inter-observer variation was avoided. The prevalence rate of 34% showed that SVDE was as common in Zambian diabetic patients as in other countries in the Multinational Study [22] , despite the relatively short duration of disease. However, retinopathy in patients with cataract may have been under-diagnosed as only direct opthalmoscopy was employed. The low numbers with severe SVDE reflected the small number of diabetic patients recruited with long duration disease, which is the most important factor in the aetiology of microvascular disease [26] . The association of retinopathy with systolic blood pressure was also found in the WHO Study although there was variation between centres. There was a high prevalence of hypertension in Zambian diabetic patients (39%) which increased with age. The higher systolic pressure in patients with retinopathy may be partly explained by the older age of these patients, in addition to the effect of renal disease in raising blood pressure.
The prevalence of cataract (13%) in this study was similar to that reported from other African countries.
